reported subjects judged that lines were longer when voluntary attention was focused on the lines than when attention was distracted from the lines. In the many attempts to repeat these results, none has ascertained whether attention on reported line length was a phenomenal effect. In the present study, 46 subjects were shown as stimuli pairs of horizontal or vertical briefly flashed lines with a fixation cross placed equidistant between the lines but far from each one. A change in color of one arm of the cross was used as a cue to focus subjects' voluntary attention on one line. Analysis showed attention increased the judged length of attended lines. Since this effect of attention also occurred when subjects were absolutely certain they saw the stimulus lines differed in length, this effect indicates that attention increased the phenomenal length of the attended lines. This lengthening was quite small: it involved a maximum mean increase of about .15 in the probability of the comparative response that the attended line was longer. This effect occurred in the horizontal dimension and was almost absent in the vertical dimension. In agreement with data indicating that flashed lines expand phenomenally by activating motion detectors and that focused attention makes neural motion responses increase in amplitude, the present results suggest that focused attention makes attended lines look longer because it makes these lines expand phenomenally more rapidly.
Voluntary attention increases the reported length of lines. This effect was first demonstrated by Fraisse, Ehrlich, and Vurpillot (1956) . On the frontal plane, these authors had subjects visually compare the length of a peripheral test line with the length of a central line while subjects fixated the center of the central line. The lines were briefly displayed simultaneously. Subjects voluntarily focused their attention on the test line or diverted their attention from the test line. The results show that subjects reported the test line to be longer when they focused their attention on the test line. Fukusima, Dias, and Cava (2004) and Dias and Fukusima (2005) replicated this finding.
If focused attention increases reported length then diverted attention must decrease reported length. Prinzmetal and Wilson (1997) tested this implication by presenting a test line and a matrix of letters briefly, with the test line either appearing simultaneously with the matrix or appearing after the matrix. Subjects were asked to detect a letter in the matrix. After they detected the letter, they adjusted the length of a comparison line until it matched the remembered length of the test line. Detecting a letter diverted attention from the test line but only when the test line and the matrix were simultaneously presented. Supporting Fraisse, et al.'s (1956) finding, the adjusted length of the comparison line was shorter when the test line and the matrix were simultaneous, with attention being diverted from the test line. That is, the attended test line was reported to be longer than the unattended test line.
In Prinzmetal and Wilson's (1997) study, subjects diverted their attention involuntarily. In contrast with the results of this study, Tsal, Shalev, and Zakay (2005) found that, when a cue attracted subject's involuntary attention to a test line located where the cue was placed, the remembered length of the attended test line was reported to be shorter-with respect to that of a comparison line-relative to when attention was uniformly distributed in the visual field.
The experimental stimuli and the procedures in Prinzmetal and Wilson's (1997) and Tsal, et al.'s (2005) studies were rather complex. The contrasting results obtained in these two studies indicate that in one of the studies some undetermined detail of the stimuli or procedures may have caused a change in the reported length which was attributed to attention but was not due to attention. To maximally reduce the possibility of alternative explanations of results, in the present study the experimental stimuli were greatly simplified using attentional cues far enough from the test line not to affect it perceptually.
Apart from the complexities of the experimental paradigm, one important aspect of the studies mentioned above is that they did not provide any real evidence that the effect of attention on the reported length of lines was a phenomenal effect. That is, the results of previous studies have been interpreted as effects of attention on phenomenal line length but, as it is shown hereinafter, it is possible that these effects could in reality have depended on memory or guessing.
Memory.-In Prinzmetal & Wilson's (1997) and Tsal, et al.'s (2005) studies, the subjects were asked to focus on a fixation point while the test line was being presented. To prevent eye movements during the presentation of the stimulus, the duration of the test line was set to be shorter than the time required to produce a voluntary saccade, which is approximately 200 msec (Mayfrank, Kimmig, & Fischer, 1987) . Subjects compared the test line with a comparison line after the test line had disappeared. Because subjects could compare the length of the comparison line only with the remembered length of the test line, one cannot exclude that the effect of attention was on the remembered length of the test line. Thus, previous studies cannot show that attention affected the phenomenal length of the test line.
Guessing.-Virtually all studies of discrimination of confusable stimuli do not distinguish guesses of a comparative response from phenomenological reports. Let us begin with defining a phenomenological report of a dif-ference in length: after two simultaneous lines have disappeared, the comparative response of a subject that one of the lines was longer than the other when the lines were visible is a phenomenological report of a difference in length only if the subject immediately reports to have been concomitantly absolutely certain that the lines were visibly different in length when the lines were visible. Consider that, when subjects have the task of reporting which of two lines is longer, they occasionally guess their comparative response on the basis of the absolute length of only one of the two lines (Masin & Fanton, 1989; Masin & Agostini, 1990) and also consider that it has been found that, when two simultaneous lines are briefly flashed one on the left and one on the right of a fixation point, attention increases the probability that subjects guess their comparative response on the basis of the absolute length of only the attended line (Masin & Agostini, 1991) . When these two simultaneous lines are physically equal, the subjects often report, after the lines have disappeared, that one line was longer than the other. In these cases, subjects often report that they were uncertain whether the lines differed in length. Given this uncertainty, one cannot decide whether attention affected the guessing of the comparative response or whether it affected the phenomenal length of the attended line. Thus, in the studies mentioned above in which subjects judged the difference in length between the test line and a comparison line, comparative responses did not allow one to conclude that attention affected phenomenal length since these comparative responses often occurred when the compared lines were physically equal. Because one ignores which reports were guesses of a comparative response and which were phenomenological reports of a difference in length, previous studies cannot show that attention affected phenomenal line length.
The unresolved question of whether the effect of attention on the reported length of a line is a phenomenal effect may be addressed as follows. In Exp. 1 reported here, the stimuli either were two simultaneous briefly flashed lines of physically equal length placed vertically, one on the left and one on the right of a white cross, or were these two simultaneous lines placed horizontally, one above and one below the white cross. Shortly after the white cross had appeared, one of its arms turned black. Fig. 1 shows the stimulus lines, with the left and lower arms of the white cross turned black. The stimulus lines were displayed before or after one arm of the white cross turned black. Subjects were asked to fixate the center of the white cross and, as soon as one of its arms turned black, to focus their attention on the stimulus line located in the visual hemifield containing the black arm.
Let cue denote the turning black of an arm of the white cross and let test line denote the stimulus line on which subjects were focusing their attention. The delay between the cue and the onset of the test line varied from -150 to 200 msec-a negative delay means that the cue anticipated the test line and a positive delay means that the cue followed the test line. Fig. 2 shows the values of the cue delays. Each value is written near a segment that represents the time axis. On each time axis the darker segment represents the duration of the test line, which was 50 msec. A filled arrow shows when the cue occurred. Voluntary visual attention is deployed, on average, about 240 msec from when a cue occurs (Carlson, Hogendoorn, & Verstraten, 2006) . Accordingly, an open arrow shows approximately when visual attention is expected to be voluntarily deployed.
For a cue delay of -150 msec the onset of the test line is close to when attention is deployed. As the cue delay increases from -150 to 200 msec the onset of the test line is progressively anticipated from when attention is deployed. For a cue delay of 200 msec, attention is deployed when the test line is practically no longer perceived, since visual percepts persist for about 250 msec (Bowen, Pola, & Matin 1974; Matin & Bowen, 1976; Di Lollo, Enns, Yantis, & Dechief, 2000) .
Phenomenal vs. memory effect.-Thus, one can predict the following: if attention affects the phenomenal length of the test line then attention will affect this length progressively less as cue delay increases. In contrast, if attention affects the remembered length of the test line, then attention will affect this length constantly or progressively more as the cue delay increases.
Phenomenal vs. guessing effect.-In Exp. 1 reported here, subjects reported that the lines differed in length in each stimulus. For each stimulus, they rated how confident they were that the stimulus lines were visibly different in length. A subset of subjects reported they were absolutely certain that the stimulus lines were visibly different in length. If attention affects these phenomenological reports, one is led to conclude that attention affects the phenomenal length of the attended lines, without excluding that attention could also concurrently affect the guessing of comparative responses.
EXPERIMENT 1 Method
Subjects.-Forty female and six male university students with normal or corrected-to-normal vision participated in the experiment as subjects to fulfill a course requirement. None of them knew the purpose of the experiment.
Stimuli.-Stimuli appeared in the middle of a 32 × 21 cm rectangular achromatic area of the frontal parallel screen of a display (Apple Multiple Scan 1705) driven by a computer (Power Macintosh 7200/90). The remaining area of the screen was covered with black cardboard. The luminance of the screen was 10 cd/m 2 . The illumination level was 2 lx. The viewing distance was maintained at 62 cm by a head-and-chin rest.
Stimuli were two simultaneous black lines presented for 50 msec at a distance of 38 mm (3.5º) from a white cross. The centers of the cross and of the stimulus lines were collinear. The stimulus lines were either vertical, one on the left and one on the right of the cross, or were horizontal, one above and one below the cross. Each stimulus line measured .6 × 50 mm and each arm of the cross measured .3 × 3 mm. The luminance of the stimulus lines was .1 cd/m 2 and that of the cross was 50 cd/m 2 . The cross appeared first on all trials. About 1-2 sec after the cross appeared, a .1 sec warning tone came on. After 1 sec from this tone, one arm of the cross turned black with a luminance of .1 cd/m 2 . The arm remained black for 1 sec and then the entire cross disappeared. The cue was the arm of the cross turning black. This cue occurred 150, 100, 50, or 0 msec before, or occurred 100, 150, or 200 msec after, the onset of the stimulus lines.
Procedure.-Subjects were asked to fixate on the center of the cross while the cross was on the screen and, as soon as one arm of the cross turned black, to focus their attention on the stimulus line that was in the hemifield containing the black arm of the cross. This line was called the test line.
For each stimulus, subjects were asked to rate verbally how confident they were that they saw that the test line was longer or shorter than the other line in the same stimulus. To rate, subjects were asked to use one integer from zero to ten in proportion to their confidence, with "0" defined as absolute uncertainty, "1" to "5" as very low to moderate uncertainty, "5" to "9" as moderate certainty to very high certainty, and "10" as absolute certainty that the seen stimulus lines differed in length. Subjects were asked to say, immediately after they produced a confidence rating larger than zero, whether the test line had been longer or shorter than the other line in the same stimulus.
The seven cue delays and the four positions of the test line produced 28 different stimuli. The series of these 28 stimuli was presented ten times consecutively, each time with stimuli in random order. Immediately after these 280 stimuli were presented, the series of those stimuli that had received a confidence rating of zero was presented repeatedly consecutively, each time with stimuli in random order, until all stimuli received a response with confidence rating higher than zero. Note that briefly flashed lines expand perceptually (Holt-Hansen, 1970; Erlebacher & Sekuler, 1974) . Since the amount of this expansion is random, these lines tend to randomly appear of different phenomenal lengths even when they are physically equal, independently of whether or not attention is focused on them.
The instructions took about 5 min and the presentation of all stimuli about 30 min. Subjects were told that during this presentation they could take a rest whenever they wished. Only few subjects took a rest which never exceeded 1 min.
Results
Response proportions.-For each stimulus, let P be the mean of the individual mean proportions of comparative reports that the test line was longer than the other line in the same stimulus. Let P L , P R , P A , and P B be P when the test line was on the left, on the right, above, or below of the fixation cross, respectively. If attention has no effect on line length, P L is expected to match 1 -P R , and P A is expected to match 1 -P B . If attention increases line length, P L is expected to be larger than 1 -P R , and P A is expected to be larger than 1 -P B since attention increases P L , P R , P A , and P B independently.
Proportions were calculated from reports with different response confidence. They were calculated from reports with confidence rated from 1 to 10 (all possible reports) or from reports with rated confidence only of 10 when this rating was used for each cue delay at least once. Or they were calculated from reports with rated confidence only from 1 to 5 when these ratings were used for each cue delay at least once, or from reports with rated confidence only from 6 to 9 when these ratings were used for each cue delay at least once. In Fig. 3 , these proportions are shown from the top to the bottom row of diagrams, respectively. Fig. 3 shows P L and P A (filled dots) and 1 -P R and 1 -P B (open dots) plotted against cue delay. To highlight the linear trend of curves, least-squares straight lines were fitted to the data points. Error bars show the standard error of P when this error is larger than about half the diameter of a dot.
Separate 2 (position) × 7 (delay) analyses of variance were made on arcsine transformed square-root individual mean proportions of reports. Tab. 1 shows the levels of significance of position, of delay, and of the interaction for the left vs. right position and for the above vs. below position of the test line, for responses with rated confidence in the range of 1-10, with rated confidence of 10, and with rated confidence in the ranges of 6-9 and of 1-5.
Ratings. -Fig. 4 shows mean rated confidence plotted against cue delay. Filled dots show the results for the test line on the left (L) or above (A), and open dots for the test line on the right (R) or below (B), of the fixation cross. In each diagram a least-squares straight line fits all the data points. Separate 2 (position) × 7 (delay) analyses of variance were made on individual mean ratings of confidence. For the test line on the left or on the right of the fixation cross, position and the interaction were not significant (F 1, 45 = 3.5 and F 6, 270 = 1.7, respectively) whereas delay was significant (F 6, 270 = 4.0, p < .005). For the test line above or below of the fixation cross, each factor and the interaction were not significant (F 1, 45 = .02, F 6, 270 = .5, and F 6, 270 = .4, respectively).
Discussion
The results reported in Figs. 3 and 4 provide evidence for the following findings and conclusions. Fig. 3 , left column of diagrams.-(i) Since P L was larger than 1 -P R , the results support the possibility that the reported length of lines increased with voluntary attention. (ii) The effect of attention was stronger at negative cue delays, that is, when the generation of the percept of a line and the deployment of attention on this line were closer in time. (iii) In each diagram, the curves tended to intersect when cue delay was 200-250 msec. From these results, one may conclude that attention did not essentially influence the remembered length of lines at short cue delays. (iv) The effect of attention on P L and P R occurred for all levels of confidence, including when subjects reported having been absolutely certain that they saw that the stimulus lines differed in length. Thus, there is reason to conclude that voluntary attention increased the phenomenal length of the attended lines. (v) In each diagram, at each cue delay, the distance between the two straight lines that fit the data points is an approximate estimate of the sum of the independent increments in P L and in P R due to attention. Assuming that these increments were approximately equal in size, half the distance between the two straight lines represents, at each cue delay, the approximate effect of attention on P. It may be seen that this effect was quite small: it was a maximum mean increase in response probability of about .15. Thus, the corresponding increment in phenomenal line length due to attention was also very small. Fig. 3 , right column of diagrams.-(vi) The effect of attention was anisotropic. A comparison of results in the diagrams in the left column with those in the corresponding diagrams in the right column shows that the effect of attention was almost absent in the above-below dimension. This finding agrees with results of Ashkenazi and Marks (2004) and Roggeveen and Ward (2005) . Rather than implying that focused attention is ineffective in the above-below dimension, this anisotropy means most probably that subjects voluntarily controlled their attention more easily in the left-right dimension than in the above-below dimension, presumably due to their extensive practice with this control during reading. Fig. 4 .-The results reported in Fig. 4 support the interpretation that the manipulation of attention used in the present study increased phenomenal line length. Since this manipulation of attention increased phenomenal line length more at negative than at positive cue delays, one expects that stimulus lines are seen to differ from one another more confidently at negative cue delays. This expectation was supported for the left-right dimension (left diagram in Fig. 4) by the progressive decline of mean rated confidence as cue delay increased. The fact that this decline was significant but moderate agrees with the above mentioned finding that the effect of attention on phenomenal line length was significant but very small. Mean rated confidence was essentially constant with changing cue delay for the vertical dimension (right diagram in Fig. 4) in agreement with the finding that the effect of attention was almost absent in this dimension.
EXPERIMENT 2 To test whether the effect of attention on comparative responses found in Exp. 1 was repeatable and whether it could also depend on factors other than attention, the possible influence on these responses of the kind of cue, the duration of exposure of lines, and the difference in luminance between lines and background were explored in the following experiment.
Method
Subjects.-Fifteen female university students with normal or correctedto-normal vision participated as subjects. None of them had participated in Exp. 1.
Stimuli.-Stimuli and stimulus presentation conditions were the same as those of Exp. 1 with the following exceptions. Only stimuli consisting of two simultaneous vertical lines were used, with duration of 50, 100, or 150 msec and with luminance of .5, 5, or 8 cd/m 2 (as before the luminance of the screen was set at 10 cd/m 2 ). The color of the horizontal arms of the white fixation cross was set equal to the color of the screen. On each trial, this cross (with invisible horizontal arms) was presented first. About 1-2 sec after it was presented, a .1 sec warning tone was produced. After 1 sec from this tone, the color of the left or right horizontal arm of the cross was set white. This horizontal arm remained visible for 1 sec and then the entire cross disappeared. We call the appearance of one horizontal arm a cue. The cue appeared 50 msec before the onset of the stimulus lines (negative cue delay) or appeared 50 msec after the offset of the stimulus lines (positive cue delay).
Procedure.-When the color of the horizontal arms of the white fixation cross equaled the color of the screen, this cross appeared as one white vertical segment. Subjects were asked to focus on the center of this white vertical segment while it was on the screen and, as soon as the left or right horizontal white arm of the cross appeared, to focus their attention on the stimulus line that was in the hemifield containing the horizontal white arm of the cross. This line was the test line. The remaining part of the instructions was as the corresponding part of the instructions used in Exp. 1.
Two cue delays, two positions of the test line, three stimulus durations, and three stimulus luminances produced 36 different stimuli. The series of these 36 stimuli was presented two times consecutively, each time with stimuli in random order. Immediately after these 72 stimuli were presented, the series of those stimuli that had received a confidence rating of zero was presented repeatedly consecutively, each time with stimuli in random order, until all stimuli received a response with confidence rating higher than zero.
Results
Fig . 5 shows mean P L and mean 1 -P R averaged on all factors except position of the test line and cue delay. Error bars show one standard error. The results confirm that test lines are more often reported to be longer when the cue delay is negative (more focused attention) and are less often reported to be longer when the cue delay is positive (less focused attention).
A 3 (luminance) × 2 (position) × 2 (delay) × 3 (time of exposure) analysis of variance with two replicates showed that luminance, delay, and time of exposure did not affect P L and 1 -P B significantly (F 2, 28 = 1.7, F 1, 14 = .7, and F 2, 28 = .2, respectively) while the effect of position and the interaction of position with delay were significant (F 1, 14 = 9.1 and F 1, 14 = 9.2, p < .01, respectively). No other interaction was significant.
Discussion
The results support the prior finding that attention increases phenomenal line length. This effect of attention was independent of the kind of cue, the duration of exposure of the lines, and the luminance difference between the lines and the background.
GENERAL DISCUSSION
The results reported in Fig. 3 show that attention increased the probability of reporting that the attended lines were longer than the unattended lines. Since this increase became progressively smaller as the delay of the cue increased-being zero when this delay was 200-250 msec-one is led to conclude that attention did not essentially influence the remembered length of the lines since, otherwise, the effect of attention on reported length would have been constant or would have increased with the delay of the cue.
Since the increase in the probability of reporting that the attended lines were longer than the unattended lines occurred also when subjects were absolutely certain that the compared lines were visibly different, one is also led to conclude that voluntary attention increased the phenomenal length of the attended lines, without excluding that attention may also have concurrently affected the guessing of comparative responses.
The magnitude of the effect of attention on phenomenal length was quite small but significant. How can one explain it? Empirical data available in the literature provide the following plausible interpretation.
There is evidence that lines appearing with abrupt onset expand perceptually along their longer axis during the first half a second of their presentation (Kenkel, 1913; Piaget, 1961; Holt-Hansen, 1970 , 1974 Erlebacher & Sekuler, 1974; Masin, 1998) . This evidence suggests that, when presented abruptly, lines activate motion detectors. That motion detectors are activated is also supported by the finding that when a briefly flashed line is presented repeatedly with short interstimulus intervals, subjects perceive a propellerlike rotation of the line (Holt-Hansen, 1965) .
There is also evidence that the amplitude of neural responses produced by a stimulus is increased when attention is directed to the stimulus (Eason, Harter, & White, 1969; Hillyard, Hink, Schwent, & Picton, 1973; Spitzer, Desimone, & Moran, 1988; Corbetta, Miezin, Dobmeyer, Shulman, & Petersen, 1990; Eimer, 1994; Posner & Dehaene, 1994; Reynolds, Pasternak, & Desimone, 2000; Pestilli, Viera, & Carrasco, 2007) and is reduced when attention is directed outside the stimulus (Moran & Desimone, 1985; Chelazzi, Miller, Duncan, & Desimone, 1993; Vanduffel, Tootell, & Orban, 2000; Kristjánsson & Nakayama, 2002) . Consequently, in the present study, when attention was directed to one line of a stimulus and was simultaneously diverted from the other line of the same stimulus, neural responses of motion detectors activated by the attended line had greater amplitude than that of neural responses of motion detectors activated by the unattended line. Supporting this implication, attention has been found to increase the probability that lines presented abruptly expand perceptually along their longer axis (Hikosaka, Miyauchi, & Shimojo, 1993a , 1993b Hecht, 1995; Shimojo, Miyauchi, & Hikosaka, 1997; Bavelier, Schneider, & Monacelli, 2002; Scharlau & Horstmann, 2006 A white cross served for fixation. One arm of this cross turned black to indicate which stimulus line to attend. On the left, the black arm directs attention to the left stimulus line while; on the right, the lower black arm directs attention to the bottom stimulus line. 3 . Results of Exp. 1. Left column of diagrams: mean proportion of reports (P L ) that the left stimulus line was longer when attention was deployed on it, and complement to 1 of the mean proportion of reports (1 − P R ) that the right stimulus line was longer when attention was deployed on it, as a function of cue delay. Right column of diagrams: mean proportion of reports (P A ) that the upper stimulus line was longer when attention was deployed on it, and complement to 1 of the mean proportion of reports (1 − P B ) that the bottom stimulus line was longer when attention was deployed on it, as a function of cue delay. The second row of columns refers to responses with rated confidence of 10. The other rows of columns refer to responses with rated confidence in the indicated ranges. Grand mean proportion of reports (mean P L ) that the left stimulus line was longer when attention was focused on it, and complement to 1 of the grand mean proportion of reports (mean 1 − P R ) that the right stimulus line was longer when attention was focused on it, as a function of cue delay.
